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1
TRANSISTORS AND METHODS OF
FORMING TRANSISTORS

TECHNICAL FIELD

Transistors and methods of forming transistors.
BACKGROUND

Memory is one type of integrated circuitry, and is used in
computer systems for storing data. Memory may be fabri-
cated in one or more arrays of individual memory cells.
Memory cells may be written to, or read from, using digit
lines (which may also be referred to as bitlines, data lines,
sense lines, or data/sense lines) and access lines (which may
also be referred to as wordlines). The digit lines may conduc-
tively interconnect memory cells along columns of the array,
and the access lines may conductively interconnect memory
cells along rows of the array. Each memory cell may be
uniquely addressed through the combination of a digit line
and an access line.

Memory cells may be volatile or non-volatile. Non-volatile
memory cells can store data for extended periods of time
including when the computer is turned off. Volatile memory
dissipates and therefore requires being refreshed/rewritten, in
many instances multiple times per second. Regardless,
memory cells are configured to retain or store memory in at
least two different selectable states. In a binary system, the
states are considered as either a “0” ora “1”. In other systems,
at least some individual memory cells may be configured to
store more than two levels or states of information.

A field effect transistor is one type of electronic component
that may be used in a memory cell. These transistors comprise
a pair of conductive source/drain regions having a semicon-
ductive channel region there-between. A conductive gate is
adjacent the channel region and separated there-from by a
thin gate insulator. Application of a suitable voltage to the
gate allows current to flow from one of the source/drain
regions to the other through the channel region. When the
voltage is removed from the gate, current is largely prevented
from flowing through the channel region. Transistors may be
used in many types of memory. Transistors may also be incor-
porated into integrated circuitry other than memory.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic cross-sectional view of an
example embodiment transistor.

FIG. 2 is a bandgap diagram depicting operational states of
the transistor of FIG. 1.

FIG. 3 is a diagrammatic cross-sectional view of another
example embodiment transistor.

FIGS. 4-14 are diagrammatic cross-sectional views of
example embodiment process stages which may be utilized in
fabricating integrated circuitry comprising example embodi-
ment transistors.

FIG. 15 is a diagrammatic cross-sectional view of an
example embodiment stacking arrangement of multiple lev-
els of integrated circuitry.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

One type of transistor is a so-called tunnel field effect
transistor (tunnel FET). Such transistor may utilize band-to-
band tunneling wherein an electron in a valence band of
semiconductor material tunnels across a bandgap to a con-
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2

duction band. Tunnel FETs advantageously have zero, or at
least very low, current in an “off” state. However, a difficulty
encountered in conventional tunnel FET configurations is that
there may be poor current flow in the “on” state, and accord-
ingly the devices may be slow. In some embodiments, new
tunneling FETs are described which maintain the advanta-
geous characteristics of the “off” state, and yet which have
improved current flow in the “on™ state. Specific example
embodiments are described with reference to FIGS. 1-15.

Referring to FIG. 1, an example embodiment transistor 10
is illustrated to be supported by a base 12.

The base 12 may comprise any suitable support material.
For instance, in some embodiments the base 12 may comprise
an insulative layer over a semiconductor material; and the
semiconductor material may comprise, consist essentially of,
or consist of monocrystalline silicon. In some embodiments,
base 12 may be considered to comprise a semiconductor
substrate. The term “semiconductor substrate” means any
construction comprising semiconductive material, including,
but not limited to, bulk semiconductive materials such as a
semiconductive wafer (either alone or in assemblies compris-
ing other materials), and semiconductive material layers (ei-
ther alone or in assemblies comprising other materials). The
term “substrate” refers to any supporting structure, including,
but not limited to, the semiconductor substrates described
above. In some embodiments, base 12 may correspond to
something other than a semiconductor substrate. In some
embodiments, base 12 may comprise a conductive material
(for instance, digit line material) electrically coupled to the
transistor 10.

The transistor 10 includes a drain region 14 with n-type
behavior (i.e., an electron reservoir) and a source region 16
with p-type behavior (i.e., a hole reservoir). The source and
drain regions may comprise any suitable compositions. For
instance, in some embodiments, the source and drain regions
may comprise conductively-doped silicon. In other embodi-
ments, one or both of the source and drain regions may
comprise metal having characteristics suitable for utilization
as either an electron reservoir or a hole reservoir. In some
embodiments, drain region 14 may be referred to as an elec-
tron reservoir region, and source region 16 may be referred to
as a hole reservoir region.

The transistor comprises a conductive gate material 18
surrounded by insulative material 20.

The gate material 18 may comprise any suitable composi-
tion or combination of compositions; and in some embodi-
ments may comprise, consist essentially of, or consist of one
or more of various metals (for example, tungsten, titanium,
etc.), metal-containing compositions (for instance, metal
nitride, metal carbide, metal silicide, etc.), and conductively-
doped semiconductor materials (for instance, conductively-
doped silicon, conductively-doped germanium, etc.). In some
example embodiments, the gate material may comprise metal
(for instance, titanium, tungsten, etc.) and/or metal nitride
(for instance, titanium nitride, tungsten nitride, etc.).

The insulative material 20 may be referred to as gate dielec-
tric in some embodiments, and may comprise any suitable
composition or combination of compositions. For instance,
the insulative material 20 may comprise, consist essentially
of, or consist of silicon dioxide.

The insulative material 20 may be considered to comprise
several regions; and specifically may be considered to com-
prise a bottom region 21 under gate 18, a top region 22 over
the gate, and sidewall regions 23 along sidewalls of the gate.
In the shown embodiment, all of the regions 21-23 are a same
composition as one another. In other embodiments, one or
more of the regions 21-23 may comprise a different compo-
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sition than another of the regions 21-23. In some embodi-
ments, region 21 may be referred to as a bottom insulative
material, region 22 as a top insulative material, and regions 23
as sidewall insulative materials.

The bottom insulative material 21 directly contacts both
the drain region 14 and the conductive gate 18 in the shown
embodiment.

A channel material 24 extends over the top insulative
region 22, along the sidewall insulative regions 23, and
directly contacts a top of the drain region 14. The channel
material 24 may comprise any suitable composition or com-
bination of compositions; and in some embodiments may
comprise, consist essentially of, or consist of transition metal
chalcogenide. The transition metal chalcogenide may, for
example, comprise, consist essentially of, or consist of tran-
sition metal dichalcogenide (for instance, MoS,, WS,, InS,,
InSe,, MoSe,, WSe,, etc.) and/or transition metal trichalco-
genide (for instance, MoS;, WS, InS;, InSe;, MoSe,, WSe;,
etc.) in some embodiments.

A region of channel material 24 over gate 18 may be
referred to as a top region 25 of the channel material 24 in
some embodiments.

Tunnel dielectric material 26 is over the top region 25 of
channel material 24. The tunnel dielectric material may com-
prise any suitable composition or combination of composi-
tions. For instance, the tunnel dielectric material 26 may
comprise, consist essentially of, or consist of one or more
oxides (e.g., aluminum oxide, hafnium oxide, zirconium
oxide, silicon oxide, etc.).

A channel material 28 is over the tunnel dielectric material
26. In some embodiments, channel materials 24 and 28 may
be referred to as first and second channel materials, respec-
tively. The channel material 28 may comprise any of the
compositions described above relative to the channel material
24. In some embodiments, the first and second channel mate-
rials are different compositions relative to one another. For
instance, the first channel material 24 may comprise a sulfide
(for instance, molybdenum sulfide) and the second channel
material may comprise a selenide (for instance, tungsten
selenide). The hole reservoir material 16 is directly against
the second channel material 28. In some embodiments, mate-
rial 28 may itself function as a hole reservoir.

The first and second channel materials 24 and 28 may be
very thin, and in some embodiments may have thicknesses
less than 10 nm, or even less than 5 nm. For instance, in some
example embodiments the first and second channel materials
may have thicknesses within a range of from about one mono-
layer to about seven monolayers. The first and second channel
materials 24 and 28 may be about the same thickness as one
another, or may be different thickness relative to one another.

Insulative material 30 is along sidewalls of transistor 10.
The insulative material may comprise any suitable composi-
tion or combination of compositions; and in some embodi-
ments may comprise, consist essentially of, or consist of one
or both of silicon nitride and silicon dioxide.

FIG. 2 shows band gap diagrams 32 and 34 of transistor 10
in an “off” state and an “on” state, respectively. The conduc-
tion band and valence band edges of first channel material 24
are labeled as Ec1 and Ev1, respectively; and the conduction
band and valence band of second channel material 28 are
labeled as Ec2 and Ev2, respectively. The Ecl, Evl, Ec2 and
Ev2 represent band edges; there is a continuous band above
Ec and below Ev, and no states between Ec and Ev. Notably,
there are no states to tunnel into in the “off” state, but inter-
layer tunneling becomes available in the “on” state (as indi-
cated by arrows 35).
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FIG. 3 illustrates another example embodiment transistor
10a. The transistor 10a is similar to the transistor 10 of FIG.
1, except that the first channel material 24 of transistor 10a
does not extend into direct contact with drain region 14.
Instead, interconnect material 38 extends between channel
material 24 and the drain region 14. In some embodiments,
the interconnect material may be semiconductor material (for
instance, silicon and/or germanium) which is undoped (i.e.,
which has no more than 1x10'* atoms/cm> of conductivity-
enhancing impurity therein).

The interconnect material 38 directly contacts both the
drain region 14 and the first channel material 24, and may
function as a conductive pathway between the first channel
material 24 and the drain region 14 in the “on” state of the
transistor.

In some embodiments, the illustrated transistor 10a of FIG.
3 may be considered to be generic to either a transistor com-
prising an interconnect 38 of semiconductor material, or a
transistor comprising an interconnect 38 of channel material
24 (e.g., the transistor 10 of FIG. 1).

The example embodiment transistors of FIGS. 1 and 3 may
be formed with any suitable processing. Example processing
is described with reference to FIGS. 4-14.

Referring to FIG. 4, a construction 50 is shown to comprise
base 12 and a stack 52 over the base. The stack includes a digit
line material 54, an electron reservoir drain region material
14, insulative material 20a, and conductive gate material 18.
The insulative material 20a may be referred to as a first
insulative material. Although the digit line material 54 is
shown to be separate from base 12, in other embodiments the
digit line material may be comprised by the base (for instance,
if base 12 comprises silicon and the digit line material is a
doped region of the silicon).

Referring to FIG. 5, the first insulative material 20a and
gate material 18 are patterned into pillars 56 which are spaced
one another by gaps 58. Such patterning may comprise any
suitable processing. For instance, a mask (not shown) may be
formed over stack 52 to define locations of the pillars, and
subsequently etching may be conducted to form gaps 58. The
mask may then be removed to leave the illustrated construc-
tion of FIG. 5.

Referring to FIG. 6, second insulative material 205 is
formed along tops and sidewalls of the pillars 56. The second
insulative material may be formed and patterned utilizing any
suitable processing. For instance, the second insulative mate-
rial may be deposited, and subsequently masking and etching
may be utilized to remove the material 205 from within gaps
58 while leaving the material along the tops and sidewalls of
pillars 18. The insulative material 205 may comprise a same
composition as insulative material 20a (for instance, both
may comprise, consist essentially of, or consist of silicon
dioxide) or may comprise a different composition from insu-
lative material 20q (for instance, material 205 may comprise
a different oxide than material 20a).

Referring to FIG. 7, the pillars 56 are utilized as a mask
during an etch through drain region material 14. Such patterns
the drain region material into pedestals 60 beneath the pillars.

Referring to FIG. 8, interconnect material 38 is formed
over and between the pillars. The interconnect material may
comprise undoped semiconductor material in some embodi-
ments, or may comprise channel material (e.g., may comprise
a same material as the channel material 24 of FIG. 1) in other
embodiments. The interconnect material may be patterned at
any appropriate processing stage so that interconnects of
transistors along a common wordline are separated from one
another (with the wordlines extending in and out of the page
relative to the cross-sectional view of FIG. 8).



US 9,276,092 B1

5

Referring to FIG. 9, insulative material 30 is formed over
the interconnect material 38.

Referring to FIG. 10, materials 38 and 30 are removed from
over a top surface of material 205 (for instance, utilizing
chemical-mechanical polishing or other planarization), and
the materials 38 and 30 are removed from regions within gaps
58 (for instance, utilizing an etch conducted while protecting
pillars 56 and regions of material 38 and 30 along sidewalls of
the pillars with a mask). The construction of FIG. 10 has the
interconnecting material 38 formed along sidewalls of pillars
56 and pedestals 60, and has gaps 58 remaining over regions
of digit line 54 between the pillars and pedestals.

Referring to FIG. 11, insulative material 62 is formed
within gaps 58 to fill the gaps; and a planarized surface 63 is
formed across materials 205, 38, 30 and 62. The insulative
material 62 may comprise a same composition as material 30
in some embodiments, or may comprise a different compo-
sition than material 30. For instance, in some embodiments
one of the materials 30 and 62 may comprise silicon nitride
and the other may comprise silicon dioxide. In other embodi-
ments, both of materials 30 and 62 may comprise silicon
nitride, or both materials 30 and 62 may comprise silicon
dioxide.

In some embodiments, material 62 may be referred to as a
third insulative material to distinguish it from the materials
20a and 205b. In some embodiments, material 30 may be
referred to as the third insulative material, and material 62
may be referred to as a fourth insulative material.

Referring to FIG. 12, a stack 64 is formed over planarized
surface 63. The stack comprises first channel material 24,
tunnel dielectric material 26, second channel material 28, and
hole reservoir source region material 16.

Referring to FIG. 13, openings 66 are formed through stack
64 to the insulative material 62. Such openings may be
formed with any suitable processing. For instance, a patterned
mask may be utilized to define locations of the openings,
followed by one or more etches to form the openings. The
mask may then be removed to leave the construction of FIG.
13.

Referring to FIG. 14, the openings 66 are filled with insu-
lative material 68. Material 68 may comprise any suitable
composition or combination of compositions; and in some
embodiments may comprise a same composition as one or
both of materials 30 and 62, or may comprise a different
composition relative to one or both of materials 30 and 62. In
some embodiments, material 68 may comprise, consist essen-
tially of, or consist of one or both of silicon dioxide and
silicon nitride. In some embodiments, material 68 may be
referred to as a fourth insulative material or as a fifth insula-
tive material.

The construction of FIG. 14 comprises a plurality of tran-
sistors 70a-c. Such transistors may be representative of a
large number of transistors formed in an array. The digit line
54 may be representative of a large number of digit lines that
extend along columns of the array, and the gate material 18
may be incorporated into wordlines (extending in and out of
the page relative to the cross-section of FIG. 14) that extend
along rows of the array.

The source regions 16 of the transistors are shown con-
nected to circuitry 74a-c. In some embodiments, the transis-
tors are utilized in a memory array and the circuitry 74a-c
corresponds to charge-storage devices (for instance capaci-
tors) of DRAM devices, or to memory cells (for instance,
phase change memory cells, conductive bridging RAM cells,
other types of RRAM cells, magnetic RAM cells, etc.).

An advantage of the construction of FIG. 14 is that such
may be readily stacked to form three-dimensional architec-
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ture. For instance, the construction of FIG. 14 is shown cor-
responding to a level (or tier) 80 of integrated circuitry. FI1G.
15 shows that multiple levels 80a-c may be stacked one atop
another in an integrated circuit architecture. The levels are
spaced apart from one another to diagrammatically illustrate
that there may be other circuitry (including, other levels or
tiers) between the levels 80a-c.

Although regions 14 and 16 are illustrated as an electron
reservoir region and a hole reservoir region respectively in the
examples above; in other example embodiments the respec-
tive roles of regions 14 and 16 may be reversed so that region
14 is the hole reservoir region and region 16 is the electron
reservoir region. In such instances, the compositions of mate-
rials 24 and 28 may be reversed or otherwise altered relative
to the specific examples described relative to FIGS. 1-14.

In some embodiments, the tunnel dielectric 26 may be kept
very thin (for instance, may have a thickness of less than or
equal to 10 monolayers), or may even be omitted.

The structures and devices discussed above may be incor-
porated into electronic systems. Such electronic systems may
be used in, for example, memory modules, device drivers,
power modules, communication modems, processor mod-
ules, and application-specific modules, and may include mul-
tilayer, multichip modules. The electronic systems may be
any of a broad range of systems, such as, for example, clocks,
televisions, cell phones, personal computers, automobiles,
industrial control systems, aircraft, etc.

Unless specified otherwise, the various materials, sub-
stances, compositions, etc. described herein may be formed
with any suitable methodologies, either now known or yet to
be developed, including, for example, atomic layer deposi-
tion (ALD), chemical vapor deposition (CVD), physical
vapor deposition (PVD), etc.

The terms “dielectric” and “electrically insulative” are
both utilized to describe materials having insulative electrical
properties. Both terms are considered synonymous in this
disclosure. The utilization of the term “dielectric” in some
instances, and the term “electrically insulative” in other
instances, is to provide language variation within this disclo-
sure to simplify antecedent basis within the claims that fol-
low, and is not utilized to indicate any significant chemical or
electrical differences.

The particular orientation of the various embodiments in
the drawings is for illustrative purposes only, and the embodi-
ments may be rotated relative to the shown orientations in
some applications. The description provided herein, and the
claims that follow, pertain to any structures that have the
described relationships between various features, regardless
of whether the structures are in the particular orientation of
the drawings, or are rotated relative to such orientation.

The cross-sectional views of the accompanying illustra-
tions only show features within the planes of the cross-sec-
tions, and do not show materials behind the planes of the
cross-sections in order to simplify the drawings.

When a structure is referred to above as being “on” or
“against” another structure, it can be directly on the other
structure or intervening structures may also be present. In
contrast, when a structure is referred to as being “directly on”
or “directly against” another structure, there are no interven-
ing structures present. When a structure is referred to as being
“connected” or “coupled” to another structure, it can be
directly connected or coupled to the other structure, or inter-
vening structures may be present. In contrast, when a struc-
ture is referred to as being “directly connected” or “directly
coupled” to another structure, there are no intervening struc-
tures present.
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Some embodiments include a transistor comprising a drain
region and a source region. A conductive gate is between the
source and drain regions. First channel material is between
the gate and the source region. The first channel material is
spaced from the gate by one or more insulative materials.
Second channel material is between the first channel material
and the source region, and directly contacts the source region.
The first and second channel materials are transition metal
chalcogenide. One of the source and drain regions is a hole
reservoir region and the other is an electron reservoir region.

Some embodiments include a transistor comprising an
electron reservoir drain region, a conductive gate over the
drain region, bottom insulative material between the gate and
the drain region, top insulative material over the gate, and
sidewall insulative material along sidewalls of the gate and
extending from a top of the gate to a bottom of the gate. First
channel material extends over the top insulative material,
along the sidewall insulative material, and directly contacts
the drain region. A region of the first channel material above
the gate is a top region of the first channel material. Tunnel
dielectric material is over the top region of the first channel
material. Second channel material is over the tunnel dielectric
material. A hole reservoir source region is directly against the
second channel material. The first and second channel mate-
rials are transition metal chalcogenide.

Some embodiments include a method of forming transis-
tors. A stack is formed which comprises, an ascending order,
digit line material, drain region material, first insulative mate-
rial, and gate material. The first insulative material and gate
material are patterned into pillars, and second insulative
material is formed along tops and sidewalls of the pillars.
After the second insulative material is formed, the pillars are
utilized as a mask during an etch through the drain region
material. The etch forms the drain region material into ped-
estals beneath the pillars. Interconnecting material is formed
along sidewalls of the pillars and pedestals, and gaps are left
over regions of the digit line material between the pillars and
pedestals. The gaps are filled with third insulative material. A
top surface across the second insulative material, intercon-
necting material and third insulative material is planarized. A
stack is formed over the planarized top surface. The stack
comprises, in ascending order, first channel material, tunnel
dielectric material, second channel material and source
region material. Openings are formed through the stack to the
third insulative material. The openings are filled with fourth
insulative material.

In compliance with the statute, the subject matter disclosed
herein has been described in language more or less specific as
to structural and methodical features. It is to be understood,
however, that the claims are not limited to the specific features
shown and described, since the means herein disclosed com-
prise example embodiments. The claims are thus to be
afforded full scope as literally worded, and to be appropri-
ately interpreted in accordance with the doctrine of equiva-
lents.

We claim:

1. A transistor comprising:

a source region and a drain region; one of the source and
drain regions being a hole reservoir region and the other
being an electron reservoir region;

a conductive gate between the source and drain regions;

first channel material between the gate and the source
region; the first channel material being spaced from the
gate by one or more insulative materials;

second channel material between the first channel material
and the source region, and directly contacting the source
region; and
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wherein the first and second channel materials are transi-

tion metal chalcogenide.
2. The transistor of claim 1 wherein the source and drain
regions are the hole reservoir region and the electron reservoir
region, respectively.
3. The transistor of claim 1 wherein the source and drain
regions are the electron reservoir region and the hole reservoir
region, respectively.
4. The transistor of claim 1 further comprising tunnel
dielectric material between the first and second channel mate-
rials.
5. The transistor of claim 4 wherein the tunnel dielectric
material has a thickness of less than or equal to 10 monolay-
ers.
6. The transistor of claim 4 wherein the tunnel dielectric
material has a thickness of greater than 10 monolayers.
7. The transistor of claim 1 wherein the first channel mate-
rial directly contacts the drain region.
8. The transistor of claim 1 wherein the first channel mate-
rial does not directly contact the drain region.
9. The transistor of claim 8 wherein semiconductor mate-
rial extends between the first channel material and the drain
region; and directly contacts both the first channel material
and the drain region.
10. The transistor of claim 9 wherein the semiconductor
material comprises silicon.
11. The transistor of claim 1 wherein the first and second
channel materials have thicknesses within a range of from 1
monolayer to about 7 monolayers.
12. The transistor of claim 1 wherein the first and second
channel materials are transition metal dichalcogenide and/or
transition metal trichalcogenide.
13. The transistor of claim 1 wherein the first and second
channel materials are different compositions relative to one
another.
14. The transistor of claim 13 wherein one of the first and
second channel materials comprises a sulfide and the other
comprises a selenide.
15. The transistor of claim 13 wherein one of the first and
second channel materials comprises molybdenum sulfide and
the other comprises tungsten selenide.
16. A transistor comprising:
an electron reservoir drain region;
a conductive gate over the drain region;
bottom insulative material between the gate and the drain
region, top insulative material over the gate, and side-
wall insulative material along sidewalls of the gate and
extending from a top of the gate to a bottom of the gate;

first channel material extending over the top insulative
material, along the sidewall insulative material, and
directly contacting the drain region; a region of the first
channel material above the gate being a top region of the
first channel material;

tunnel dielectric material over the top region of the first

channel material;

second channel material over the tunnel dielectric material;

a hole reservoir source region directly against the second

channel material; and

wherein the first and second channel materials are transi-

tion metal chalcogenide.

17. The transistor of claim 16 wherein the first and second
channel materials are transition metal dichalcogenide and/or
transition metal trichalcogenide.

18. The transistor of claim 16 wherein the first and second
channel materials are different compositions relative to one
another.
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19. The transistor of claim 18 wherein the first channel
material comprises a sulfide and the second channel material
comprises a selenide.

20. The transistor of claim 18 wherein the first channel
material comprises molybdenum sulfide and the second chan-
nel material comprises tungsten selenide.

21. The transistor of claim 16 wherein the bottom insula-
tive material, top insulative material and sidewall insulative
material are a same composition as one another.

22. The transistor of claim 16 wherein the bottom insula-
tive material is a different composition than the top insulative
material and sidewall insulative material.

23. The transistor of claim 16 wherein the tunnel dielectric
material comprises an oxide.

24. The transistor of claim 16 wherein the tunnel dielectric
material comprises one or more of aluminum oxide, hatnium
oxide, zirconium oxide and silicon oxide.

25. A method of forming transistors, comprising:

forming a stack comprising, an ascending order, digit line

material, drain region material, first insulative material,
and gate material;

patterning the first insulative material and gate material

into pillars, and forming second insulative material
along tops and sidewalls of the pillars;

after forming the second insulative material; utilizing the

pillars as a mask during an etch through the drain region
material; the etch forming the drain region material into
pedestals beneath the pillars;

forming interconnecting material along sidewalls of the

pillars and pedestals, and leaving gaps over regions of
the digit line material between the pillars and pedestals;
filling the gaps with third insulative material and planariz-
ing a top surface across the second insulative material,
interconnecting material and third insulative material;
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forming a stack over the planarized top surface; the stack
comprising, in ascending order, first channel material,
tunnel dielectric material, second channel material and
source region material;

forming openings through the stack to the third insulative

material; and

filling the openings with fourth insulative material.

26. The method of claim 25 wherein the drain region mate-
rial is n-type doped silicon and the source region material is
p-type doped silicon.

27. The method of claim 25 wherein the first and second
channel materials are transition metal chalcogenide.

28. The method of claim 25 wherein the interconnecting
material is a same composition as the first channel material.

29. The method of claim 25 wherein the interconnecting
material is a different composition than the first channel mate-
rial.

30. The method of claim 29 wherein the interconnecting
material comprises undoped semiconductor material.

31. The method of claim 29 wherein the interconnecting
material comprises undoped silicon.

32. The method of claim 25 wherein the first and second
channel materials are transition metal dichalcogenide and/or
transition metal trichalcogenide.

33. The method of claim 25 wherein the first and second
channel materials are different compositions relative to one
another.

34. The method of claim 33 wherein the first channel mate-
rial comprises a sulfide and the second channel material com-
prises a selenide.

35. The method of claim 33 wherein the first channel mate-
rial comprises molybdenum sulfide and the second channel
material comprises tungsten selenide.
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